Antimicrobial de-escalation is a clinical approach to empirical antibiotic treatment of serious infections that attempts to balance the need for appropriate initial therapy with the need to limit unnecessary antimicrobial exposure in order to curtail the emergence of resistance [1] . When risk factors for antibiotic resistance are identified in patients with a serious infection, broad-spectrum antimicrobials should be prescribed. A de-escalation approach usually requires initial combination antimicrobial treatment targeting resistant non-fermenting gramnegative bacilli (NFGNB) (Pseudomonas aeruginosa, Acintobacter species) and methicillin-resistant Staphylococcus aureus [2] . However, depending on clinical presentation, patient risk factors, and local epidemiology, other pathogens such as Candida species and Clostridium difficile, especially when diarrhea is present, may also need to be covered. Once the microbiologic results are available and the patient's clinical response is observed, the antibiotic regimen can be narrowed on the basis of the susceptibilities of the identified pathogens.
In addition to narrowing antibiotic regimens, de-escalation implies that the shortest course of antibiotic treatment should be prescribed that adequately treats the underlying infection. For uncomplicated nosocomial pneumonia, this may be as little as 7 days of therapy [3] . This is an important aspect of de-escalation, as the duration of antibiotic treatment appears to be one of the most important, if not the most important, determinant for the emergence of antimicrobial resistance in hospitalized patients [4] . Moreover, in order to achieve optimal outcomes, including reductions in mortality and shorter courses of antibiotic administration aimed at minimizing the pressure for resistance to emerge, the initial antibiotic regimen should be administered in a timely manner and appropriate for the underlying infection (i.e., active against the pathogen associated with infection based on in vitro susceptibility testing) [4] [5] [6] . Although the concept of antimicrobial de-escalation seems to make intuitive sense, clinicians should ask themselves what the realistic expectations of such a strategy are.
Intensivists should expect that a de-escalation approach to antimicrobial therapy in critically ill patients will optimize patient outcomes. Our local experience, as well as that of other groups, bears this out in demonstrating that the administration of appropriate initial antibiotic therapy is associated with improved survival and shorter hospital stays [2, [5] [6] [7] . Recently, Garnacho-Montero et al. [8] evaluated 628 patients with severe sepsis or septic shock at ICU admission who were treated empirically with broad-spectrum antibiotics. Antibiotic therapy was guided by written protocols advocating for de-escalation therapy once the microbiological results became available (day of culture results), although this decision was ultimately the responsibility of the physician in charge of the patient. By multivariate analysis, factors independently associated with in-hospital mortality were septic shock, SOFA score on the day of culture results, and inappropriate empirical antimicrobial therapy, whereas de-escalation of antimicrobial therapy was found to be a protective factor for hospital survival. Additionally, among patients receiving appropriate therapy the only factor independently associated with Intensive Care Med (2014) 40:92-95 DOI 10.1007/s00134-013-3154-y mortality was SOFA score on the day of culture results, whereas de-escalation therapy was again found to be a protective factor. These investigators found that 57 of 628 (9.1 %) patients received inappropriate empiric therapy and 246 of 628 (39.2 %) patients had no change in their empiric antibiotic regimens, indicating further opportunity to improve their de-escalation practice.
Several strategies have been employed to optimize the use of antimicrobial de-escalation in critically ill patients. Rello et al. [9] conducted a prospective study utilizing a protocol to guide de-escalation of therapy in patients with ventilator-associated pneumonia (VAP). Changes in empiric antibiotic therapy occurred in 56.2 %, including de-escalation (the most frequent cause) in 31.4 % (increasing to 38 % if isolates were sensitive). De-escalation was lower (p \ 0.05) in the presence of NFGNB (2.7 vs. 49.3 %) and in the presence of late-onset pneumonia (12.5 vs. 40.7 %). When the pathogen remained unknown, half of the patients died and de-escalation was not performed. Ibrahim et al. [2] conducted a before-after trial of standard therapy versus a de-escalation guideline for the treatment of VAP. De-escalation included both narrowing the spectrum of therapy on the basis of microbiology results and shortening the duration of antibiotic therapy on the basis of the patient's clinical response. These investigators found that the initial administration of appropriate antimicrobial treatment was statistically greater during the afterperiod compared with the before-period (48.0 vs. 94.2 %, p \ 0.001) and that the duration of antimicrobial treatment was statistically shorter during the after-period (14.8 ± 8.1 vs. 8.6 ± 5.1 days, p \ 0.001). Second episodes of VAP also occurred less often among patients in the after-period (24.0 vs. 7.7 %, p = 0.030).
Computer decision support systems have also been employed to facilitate de-escalation practices in the ICU setting. Thursky et al. [10] employed a real-time microbiology browser and computerized decision support system for isolate-directed antibiotic prescription. They found a significant reduction in the proportion of patients prescribed carbapenems, third-generation cephalosporins, and vancomycin after adjustment for risk factors including Apache II score, suspected infection, positive microbiology, intubation, and length of stay. The decision support tool was associated with a 10.5 % reduction in both total antibiotic utilization (166-149 defined daily doses/100 ICU bed days) and the highest volume broad-spectrum antibiotics. Our own hospital is developing an automated decision-support system with real-time access to patients' prior antibiotic exposures and microbiologic results, including those from prior hospitalizations at outside institutions, in order to refine our current empiric antibiotic practices and assist in the performance of de-escalation. Knowledge of patient risk factors for the presence of infection with antibiotic-resistant pathogens should be a routine part of antibiotic decision-making and can be used in a de-escalation algorithm. For example, communityacquired pneumonia (CAP) drug-resistant pathogens (DRPs) are more commonly found in patients with healthcare-associated risk factors. Shindo et al. [11] demonstrated that independent risk factors for DRPs in both patients diagnosed with CAP and healthcare-associated pneumonia (HCAP) included prior hospitalization, immunosuppression, previous antibiotic use, use of gastric acid-suppressive therapy, tube feeding, and nonambulatory status. These are similar to independent risk factors identified in a clinical score for assessing the risk of resistant pathogens in patients with pneumonia presenting to the emergency department [12] . Identification of the presence or absence of such risk factors at the time of antibiotic decision-making can obviate the need for broad-spectrum therapy in patients without risk factors for DRPs and avoid having to de-escalate therapy, especially in culture-negative patients. Moreover, biomarkers are increasingly employed to modify empiric antibiotic therapy, including in critically ill patients. Available evidence suggests that biomarker-prompted de-escalation of empiric therapy can be safely applied, although additional trials are needed to confirm this approach [13] .
In summary, antibiotic de-escalation should be a routine part of antimicrobial stewardship as it is applied in the ICU. Successful implementation of de-escalation strategies will require a multidisciplinary approach with dedicated efforts and monitoring to insure adherence to its guidance principles [14] . Given the increasing presence of antibiotic-resistant pathogens as a cause of infection in critically ill patients, a practice of de-escalation appears to be the only available practical strategy allowing clinicians to balance the need for empiric appropriate therapy while minimizing the unnecessary use of antibiotics. Certainly, the future development of rapid methods for microbe detection and antimicrobial susceptibility testing will allow for more timely and directed therapy for critically ill patients with serious infections [15] . Until that time, those of us who treat patients in the ICU setting should champion antibiotic de-escalation as a tool to manage our use of antimicrobial agents (Fig. 1) .
